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INTRODUCTION 

In Poland whitefish is found in about 100 lakes; 64 of these situated in 
the Masurian Lakę District (Korycki, 1953). 

This paper deals with whitefish of three lakes only because in two of them — 
Miedwie Lakę and Pełcz Lakę — it is autochthonous and has survived un- 
changed up to our days. Into the third lakę — Wielkie Okonińskie Lakę — 
whitefish was introduced at some unknown time and this form has not mor- 
phologically changed sińce 1926 when it was investigated for the first time 
by Kulmatycki (1926, 1927). In the other lakes all over Poland a morę or 
less intensive stocking activity is being carried out using for this purpose home 
and imported forms of whitefish, mostly whitefish of Chudskoye Lakę (Pejpus 
Lakę) — Coregonus lavaretus maraenoides Poljakov. 

The tendency to enlarge the stocking actiyity of the three above mentio- 
ned lakes has induced me to undertake a morphological analysis, first of all 
of autochthonous whitefish and then of the form, which though introduced 
long ago has ayoided human interference and preseryed its original cha- 
racter. 
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MATERIAŁ AND METHOD 

The materiał was collected in the summer of 1962 and 1963 (Pełcz Lakę), 
during the spawn period (Noyember-December) in Miedwie Lakę and Wielkie 
Okonińskie Lakę. A total of 133 specimens were inyestigated: 45 adult spe- 
cimens from Miedwie Lakę with the total length of 490-740 mm and 3 juve- 
nile specimens with the total length of 240-305 mm; 49 specimens from Pełcz 
Lakę with the total length of 272-511 mm. The latter were adult specimens 
though of a smaller size than the whitefish from Miedwie Lakę. Whitefisli 
from Pelcz Lakę belongs to a population with a Iow ratę of growth in compa- 
rison with whitefish from other lakes. There were only 19 adult specimens 
from Wielkie Okonińskie Lakę of the total length of 432-507 mm. The 
yalues of the plastic features were figured out with the statistic method 
referring all measurements to the fork leght (longitudo caudalis = fork 
length) according to the method ot Pravdin (1931) based on the 
method of Smitt (1886). By fork length we understand the distance 
between the orał end of the maxillare and the end of the middle rays of the 
caudal fin. 

The elements composing the head were calculated in percentages from 
the lateral length of the head. Gili rakers were counted only on the first left 
branchial arch. The relatiye length of the gili rakers was not taken into con- 
sideration because according to the author’s opinion this feature is not really 
important sińce the length of the gili raker is closely related to the number 
of gili rakers present. This was stated by Dottrens (1959) and confirmed 
by Reśetnikov 1963, p. 1190). 

To differentiate the subspecies on the ground of plastic features the sta- 
tistical method of E. Mayr, E. C. Linsley and R. L. Usinger (1956) was 

applied; according to this the Coefficient of Difference C. D. = —— 

Ob-\~ a a 

amounts to no less than 1.28. 


WHITEFISH OF MIEDWIE LAKĘ 

The autochthonous whitefish of Miedwie Lakę, the basin of the Odra River — 
Coregonus lavaretus maraena (Bloch) — characterised by its moderate number 
of gili rakers, (mediospinati according to Pravdin, 1954). The gili raker counts 
indicate the rangę to be 27-35, mean 30.75. All of them have smali teeth. Thie- 
nemann (1916, 1921) mentioned 27-34, the mean 30, whereas Vogt and Hofer 
(1909) stated that they possessed a specimen of whitefish from Miedwie Lakę 
with 35 gili rakers on each side. In my collection, amounting to 47 specimens, 
I had two, with 35 gili rakers each. 
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This whitefish is characterized by a high frontal piąte (fused intermaxi- 
llaria) forming an orał profile of the snout sloping downward and backward 
(Fig. 1), and the mouth opening is distinctly subterminal. Among the spe- 
cimens of thia form I have never come across individuals with a blunt snout 
and a vertically placed frontal piąte or individuals with a slightly rounded 
fleshy snout which sometimes occurs in forms with a high number of gili rakers. 
The average depth of the frontal piąte — 13.3 mm is greater than its width — 
11.3 mm on the average. In generał, the depth is 1.25 times that of the width. 



1 — Coregonw lavaretus maraena (Bloch). Miedwie Lakę, 2 — Coregonus lavaretus gene- 
rosus Peters. Pelcz Lakę, 3 — Coregonus laoaretus holsałus Thienemann. Wielkie Oko- 

nińskie Lakę. 

A detailed analysis of these features shows the following relationship: the 
frontal piąte is higher than it is wide in 32 specimens, in 3 specimens these 
dimensions are equal and in 2 specimens its height is lesser. 

The colouring of this form should be noted. The whole fish is light silver 
in colour, only the back and the head are slightly darker. The paired and unpa- 
ired fins are also hght, almost transparent with a dark margin which is 
either wide or narrow. 

In comparison with other forms of Polish whitefish it grows to a large size 
and acąuires a notable weight. The females of 68.8-75.0 cm total length weigh 
3.39-3.61 kg and the males 59.5-65.5 cm long weigh 1.65-2.1 kg. 
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THE WHITEFISH OP PEŁCZ LAKĘ 

The second autochthonous form of whitefish occurring in Polish lakes is 
Coregonus lavaretus generosus Peters. It was first found in Pełcz Lakę, the 
basin of the middle course of the Warta River. Gili rakers counts for this form 
rangę from 37 to 45, on the ayerage 41.3. It has a blunt snout and a frontal 
piąte placed almost vertically, rerely do we come across indmduals with a fron¬ 
tal piąte sloping slightly backwards; its depth is always lesser than its 
width. The mouth opening is semiterminal, with both upper-and lower jaw 
ending eąually antriorly (Fig. 2). 

Judging by their number of gili rakers, the whitefish of Pełcz Lakę has 
survived up to our days unchanged. Papenheim (1905) ąuoted after Peters 
(1874) the number of 37-42 gili rakers, Thienemann (1921) stated 40-45 in 
four specimens; later on, in 1928 he had 8 specimens with 40-46 gili rakers 
from Rakowersee Lakę which had been stocked with whitefish from Pełcz 
Lakę. 

In the last decade Pełcz Lakę was stocked with foreign materiał. I found 
evidence of this fact in my collection where out of 50 specimens there were 
two indmduals with a fewer number of gili rakers. One of them had 34 gili 
rakers like C. I. maraena (Bloch), howeyer it had a Iow frontal piąte of gene¬ 
rosus type, its depth in relation to its width was like 6 :9 mm. The second spe- 
cimen had 27-25 gili rakers, a high frontal piąte, and its depth in relation 
to its width was like 7 : 6 mm. The first specimen indicates the hybridization 
of the form with a great number of gili rakers with the one with a smali 
number. 

Coregonus lavaretus generosus Peters is known in Poland from another 
three lakes, namely: Wielkie Tuczno, Górzyńskie and Gorzyckie. These lakes 
also lie in the basin of the Warta River south-east of Pełcz Lakę, about 70 km 
distant. As was stated by Thienemann (1928) and later confirmed by Kaj 
(1955) the whitefish of these lakes with numerous gili rakers is also autoch¬ 
thonous. In Wielkie Tuczno Lakę it has preserved its relatiyly unchanged cha- 
racter, numbering 33-43 gili rakers, on the ayerage 37.5, (Kaj, 1955). In two 
other lakes this form is mixed with the whitefish form with a smaller num¬ 
ber of gili rakers, it was introduced in the period between the two World 
Wars or, perhaps, earlier. Kulmatycki (1926) found 26-35, on the aye¬ 
rage 31, gili rakers in the specimens caught in Górzyńskie Lakę in 1923; Kaj 
(1955) stated 26-44, on the ayerage 35, gili rakers in 115 specimens. 
Comparing the data given by Thienemann with those given by Kaj one 
may judge that a process of hybridization of the two forms is taking 
place in this lakę, because the ayerage number of gili rakers has fallen 
from the most freąuent 38-39 to 35. The third lakę — Gorzyckie Lakę has 
at present whitefish with 28-44, on the ayerage 35.8, gili rakers, according 
to Kaj (1955). 
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THE WHITEFISH OF WIELKIE OKONIŃSKIE LAKĘ 

The whitefish of Wielkie Okonińskie Lakę (district Tuchola, basin of the 
Brda River) — Goregonus lavaretu$ okoniensis Kulmatycki according to Kul- 
matycki (1926) and C. I. holsatus Thienemann according to Berg (1948) is 
a form with a smali number of gili rakers (paucispinati). The 19 specimens 
investigated by the author in 1963 had only 18-24, on the average 22.5, gili 
rakers on the first branchial arch. 

This whitefish was investigated for the first time by Kulmatycki (1926, 
1927) who found in 19 adult specimens 19-27, on the average 23-24, gili rakers 
taking the right and left branchial arch into account. This form was intro- 
duced into W. Okonińskie Lakę at an indefinite time. Seligo (1902, p. 113), 
when checking the fishes of W. Okonińskie Lakę wrote „Blaufelchen einge- 
setzt”, but he does not mention either the time it was done or the origin of 
the fish. There is little probability of it having been whitefish from the Subalpin 
lakes; this has also been stressed by Kulmatycki (1927, p. 2). „Blaufelchen” — 
Coregonus wartmanni (Bloch) is known to have a considerably greater number 
of gili rakers. It is much morę probable that this form was brought over from 
Schaalsee Lakę (Mecklenburg) sińce this lakę is not so far away and, besides, 
the number of gili rakers seem to confirm it. 

According to Thienemann (1921) the whitefish of Schaalsee Lakę — Core¬ 
gonus holsatus forma scalensis Thienemann, has 22-27, on the ayerage 25, 
gili rakers. A typical form, Coregonus holsatus Thienemann, has on the ave- 
rage 23, ranging from 22 to 26. An extensive biometrical inyestigation con- 
cerning the whitefish of W. Okonińskie Lakę was done by Kulmatycki (1927), 
howeyer, because of a different method of measurement it is incomparable 
with my data. It is therefore possible to identify it with the above mentioned 
form of Schaalsee Lakę only on the basis of gili rakers counts and from the 
photograph of the head of C. holsatus forma typica (Thienemann, 1921, Table 
VIII, Fig. 12). Its characteristic feature is a fairly high frontal piąte; its aye¬ 
rage height being ralated to its width as 8.4 : 7.5 = 1.1. The piąte has an almost 
yertical position or is slightly bent downwards and backwards (Fig. 3). There¬ 
fore, in agreement with Berg (1948), we shall consider it as Coregonus lava- 
retus holsatus Thienemann. In comparison with the two forms of Polish white¬ 
fish preyiously described, this form is characteristic by its smali body depth. 


COMPARISON OF INVESTIGATED WHITEFISH 

The three forms of whitefish here discussed (Table I) differ essentialy from 
one another in the following features: 1° the gili raker counts whose extreme 
values do not overlap (Table II); 2° shape of the snout and the position of 
the mouth opening; 3° proportion and position of the frontal piąte (Fig. 1, 2, 3). 
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Table I. Meristic variation in the thre© Polish forms of whitefish: Coregonus lavaretus 
genero8U8 Peters (0. I. g.) from Pełcz Lakę; C. I. maraena (Bloch) (C. I. m.) from Miedwie 
Lakę; and C. I. holsatus Thienemann ( C . I. h.) from Wielkie Okonióskie Lakę. 


Feature 

Name of fish 

Rangę 

Mean 

Sample 


0. 1. g. 

83-103 

92.0 

48 

Lateral linę scales 

0. 1. m. 

80- 97 

90.6 

44 


C. 1. h. 

84- 97 

88.2 

19 


0. 1. g . 

37- 45 

41.3 

48 

Gili rakers 

0. 1. m. 

27- 35 

30.75 

44 


0. i. h. 

18- 24 

22.0 

19 


C. L g. 

III-IV 10-11 

— 

48 

Dorsal fin rays 

0. 1. m. 

III-IV 9-11 

— 

44 


C. 1. h. 

III-IV 9-11 

— 

19 


C. 1. g. 

III-IV 12-15 

— 

48 

Anal fin rays 

C. 1. m. 

III-IY 10-12 

— 

44 


C. 1. h. 

III 10-12 

— 

19 


C. 1. g. 

60-64 

61.6 

20 

Yertebrae 

C. 1. m. 

56-63 

— 

10 


C. 1. h. 

59-63 

— 

10 


Table II. Freąuency of occurrence of gili rak er counts in tbe three forms of Polish whitefish 
I. Coregonu8 lavaretus generosus Peters, 2. C.1. maraena (Bloch); 3a. C. I. holsatus Thienemann, 3b. C. 1. holsatus Thienemann 

after Kulmatycki. 
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As to their plastic features the inyestigated forms differ morę or 
less from one another. Among the numerous features there are those 
whose yalue of Coefficient of Difference exceed 1.28 which means the 
value acknowledged by Mayb, Linsley and Usinger (1956) as admis- 
sible for differentiating subspecies units that complete morpbological diffe- 
rences. 

Coregonus lavaretus generosus Peter will represent the basis for a compa- 
rison of the inyestigated forms. We have stated 6 essential differences in the 
plastic features (Table III) between this form and C. I. maraena (Bloch) when 
calculated in relation to the fork length: 1° preorbital distance (G. D. — 1.7) 
2° diameter of the eye (C. D. = 1.35); in relation to the length of the head: 
3° diameter of the eye (C. D. =1.3), 4° preorbital distance (C. D. =1.6); 
in relation to the interorbital width: 5° length of maxillare (C. D. = 1.3), 
6° diameter of the eye (C. D. = 1.55). 

Comparing C. I. generosus Peters with C. I. holsatus Tiuenemann we find 
a difference in one feature only, this is the anal fin length in the fork 
length (C. D. = 1.3). Comparing C. I. maraena (Bloch) with C. I. holsatus 
Tiuenemann we can state only two essential differences: 1° preorbital length 
in the head length (C. D. — 1.4), 2° maxilla length in the interorbital distance 
(C. D. = 1.5). 

As to the similarities of the plastic features (Table III), they are nume¬ 
rous and concern the following seven features: 1° length of the head, 2° length 
of maxillare, 3° length of mandible, 4° interorbital width, 5° caudal peduncle 
length, 6° minimal body height, 7° yentral fin length. 

The similarities of the plastic features in the inyestigated whitefish may 
be explained by the fact that their bodies were shaped in similar climatic and 
physical conditions sińce these lakes had been populated in the postglacial 
period. If we assume „a priori” that the whitefish of W. Okonińskie Lakę 
originate from the whitefish of Schaalsee, we must remember that this lakę 
as well as Miedwie Lakę and Pelcz Lakę, all being of postglacial origin, came 
into being in similar physico-chemical conditions. With the course of time 
they differentiated with regard to size, eutrophy stage and oxygen saturation 
at the bottom. It is quite possible that the lakes of the Polish-German plain 
were populated with whitefish with a different number of gili rakers after 
the glacier had retreated and that the selection of forms occurred as a result 
of the gradual transition of the lakes from the primary oligotrophic phase 
to the present meso-and eutrophic phase. Conseąuently only the type of 
whitefish which easily adapted itself to local conditions survived in the lakę. 

Miedwie Lakę (area 36 km 2 , length 16 km, maximal width 3 km, maximal 
depth 43.8 m) has, according to Tiuenemann (1928), a good oxygen satura¬ 
tion at the bottom — 60.7 % or 5.12 cm 3 /l and therefore, it represents a type 
of mesotrophic lakę and the form of whitefish that has suryived in it has a smali 
number of gili rakers and is adapted to feeding on bottom fauna. 
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Tabl© III. Proportionate measurments of plastic features of thre© Polish forms of whi- 
tefish: Coregonus lavaretus generosus Peters, n = 48; G. I. maraena (Bloch), n = 44; 
G. I. liol8atu8 Theinemann, n = 19; calculated statistically. 


Feature 

Name 

Rangę 


c 

Ratio 

M x -M y 

of fish 


°y + a x 



in % of fork length 





C. 1. g. 

18.0-20.8 

19.6±0.1 

0.7 

— 

— 

H©ad leDgth 

G. 1. m. 

17.8-22.0 

19.8±0.15 

1.0 

G. 1. g./G. 1. m. 

0.1 

0. 1. li. 

18.6-21.4 

19.9±0.2 

0.8 

G. 1. g./G. 1. h. 

0.2 


C. 1. g. 

12.4-15.0 

13.7±0.1 

0.5 


— 

H©ad height 

G. 1. m. 

12.7-17.0 

14.6±0.2 

1.1 

G. 1. g./G. 1. m. 

0.64 

G. 1. h. 

13.1-16.0 

14.7±0.2 

0.8 

G. 1. g./G. 1. h. 

0.80 


C. 1. g. 

4.0- 5.1 

4.4±0.03 

0.2 

— 

— 

Preorbital lengtb 

G. 1. m. 

4.5- 6.4 

5.6±0.1 

0.5 

G. 1. g./G. 1. m. 

1.71 

0. 1. h. 

4.0- 5.2 

4.7 ±0.3 

0.3 

G. 1. g./G. 1. h. 

0.60 


C. 1. g. 

4.4- 5.7 

5.0±0.1 

0.6 

— 

— 

Maxilla length 

G. 1. m. 

4.7- 6.0 

5.5±0.02 

0.01 

G. 1. g.jG.l.m. 

0.80 

G. 1. h. 

4.2- 5.4 

5.1 ±0.06 

0.24 

G. 1. g./G.l.h. 

0.10 


C. 1. g. 

7.0- 8.6 

7.9±0.05 

0.35 

— 

— 

Mandible length 

G. 1. m. 

6.5- 8.8 

7.6±0.07 

0.5 

G. 1. g./G. 1. m. 

0.35 

G. 1. h. 

6.7- 8.0 

7.2±0.08 

0.34 

G. 1. g./G. 1. h. 

1.0 


C. 1. g. 

3.8- 5.4 

4.9±0.05 

0.33 

— 

— 

Eye diameter 

G. 1. m. 

3.0- 4.7 

3.9±0.07 

0.4 

G. 1. g./G. 1. m. 

1.37 

C. 1. h. 

4.2- 5.0 

4.6±0.02 

0.3 

G. 1. g./G. 1. h. 

0.9 


C. 1. g. 

5.3- 6.7 

6.3±0.04 

0.3 

— 

— 

Interorbital width 

C. 1. m. 

4.7- 8.0 

6.0±0.3 

0.2 

C. 1. g./G. 1. m. 

0.6 


C. 1. h. 

5.6- 6.6 

6.3±0.06 

0.27 

G. 1. g./G. 1. h. 

0.0 

Antedorsal 

distanc© 

C. 1. g. 

39.0-46.0 

42.7±0.13 

1.5 

— 

— 

C. 1. m. 

39.0-48.2 

44.6±0.34 

2.16 

G. 1. g./G. 1. m. 

0.52 

C. 1. h. 

43.9-48.6 

45.6±0.35 

1.5 

G. 1. g./G. 1. h. 

1.0 


C. 1. g. 

39.4-47.5 

41.8±0.18 

1.24 

— 

— 

Postdorsal length 

C. 1. m. 

36.1-45.0 

40.8±0.3 

1.8 

C. 1. g/G. 1. m. 

0.32 

G. 1. h . 

39.0-42.4 

41.0±0.2 

0.9 

G. 1. g./G. 1. h. 

0.33 

Caudal pedunel 
length 

C. I. g. 

C. 1. m. 

10.9-14.2 

10.0-15.6 

12’9±0.13 

12.8±0.17 

0.9 

1.1 

G. 1. g./G. 1. m. 

0.5 

C. 1. h. 

11.9-14.2 

13.3±0.2 

0.9 

G. 1. g./G. 1. h. 

0.22 

Minimal body 
height 

C. 1. g. 

C. 1. m. 

6.9- 7.9 
6.1- 8.5 

7.4±0.03 

7.4±0.07 

0.25 

0.5 

G. 1. g./G. 1. m. 

0.0 

C. 1. h. 

6.8- 7.7 

7.2±0.07 

0.3 

G. 1. g./G. 1. h. 

0.36 

Dorsal fin 
length 

C. 1. g. 

10.0-14.2 

11.5±0.3 

0.9 

— 

— ‘ 

C. 1. m. 

9.8-13.6 

11.7±0.13 

0.9 

G. 1. g./G. 1. m. 

0.11 

C. 1. h. 

7.8-11.9 

10.7 ±0.14 

0.6 

G. 1. g/G. 1. h. 

0.53 

DnrflJil fin 

GA. g - 

16.4-19.5 

17.8±0.12 

0.8 

— 

— 

JL/UIocll IIJUL 

height 

G. 1. m. 

13.6-18.0 

15.9±0.16 

1.1 

G. 1. g./G. 1. m. 

1.0 

G. 1. h. 

16.1-18.4 

17.3±0.17 

0.7 

G. 1. g./G. 1. h. 

0.33 


G. 1. g. 

10.4-15.0 

12.8±0.14 

1.0 

— 

— 

Anal fin length 

G. 1. m. 

8.8-13.0 

10.7±0.15 

1.0 

G. 1. g./G. 1. m. 

1.0 

G. L h. 

8.5-12.0 

10.5±0.18 

0.75 

G. 1. g./G. 1. h. 

1.3 


G. 1. g. 

10.9-13.7 

12.3±0.1 

0.65 

— 

— 

Anal fin height 

G. 1. m. 

10.0-13.0 

11.5±0.01 

0.8 

G. 1. g./G. 1. m. 

0.55 

G. 1. h. 

10.4-13.6 

11.5±0.1 

0.45 

C . 1. g./G. 1. h. 

0.70 

Pectoral fin 
length 

G. 1. g. 

C. 1. m. 

14.2-18.2 

13.0-20.4 

16.3±0.3 
18.1 ±0.2 

0.9 

1.4 

G. 1. g./G. 1. m. 

0.78 

C. 1. h. 

16.4-18.7 

17.3±0.14 

0.6 

G. 1. g./C . 1. h. 

0.66 
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Feature 

Name 
of fish 

Yentral fin length 

C. 1. g. 
G. 1. m. 
G. 1. h. 

P — V distance 

G. 1. g. 
C. 1. m. 
G. 1. h. 

Y — A distance 

0. 1. g . 
G. 1. m. 
C. 1. h. 

Eye diameter 

C. 1. g. 
G. 1. m. 
G. 1. h. 

Anteorbital 

distance 

G. 1. g. 
C. 1. m. 
C. 1. li. 

Interorbital 

width 

C. 1. g. 
G. 1. m. 
C. 1. h. 

MaxiUa length 

C. 1. g. 
C. 1. m. 
G. 1. h. 

Mandible length 

C. 1. g. 
C. 1. m. 
C. 1. h. 

Maxilla length 

O. 1. g. 
C. 1. m. 
C. 1. h. 

Eye diameter 

C. 1. g. 
C. 1. m. 
C. 1. h. 


Rangę 

M ±m 

a 

in % of fork length 

14.5-17.9 

16.1 ±0.1 

0.7 

13.0-18.4 

16.0±0.16 

1.07 

15.7-17.5 

16.4±0.13 

0.5 

24.6-30.6 

27.5±0.2 

1.5 

24.6-33.0 

29.5±0.3 

2.0 

24.0-31.8 

29.4±0.4 

1.8 

21.6-28.2 

25.6 ±0.22 

1.5 

19.5-30.0 

27.8±0.3 

2.2 

23.2-30.0 

26.1 ±0.45 

1.9 

in % of head length 

20.0-27.8 

25.0±0.2 

1.5 

14.0-24.5 

20.2±0.3 

2.2 

22.0-26.0 

23.7±0.3 

1.2 

20.0-25.0 

22.7 ±0.16 

1.14 

23.1-33.0 

28.4±0.3 

2.1 

21.0-25.9 

23.9±0.0 

1.1 

29.0-35.0 

31.7±0.2 

1.35 

25.0-35.0 

30.0±0.3 

2.0 

30.0-34.0 

32.5±0.3 

1.15 

21.0-31.0 

25.5±0.26 

1.86 

25.0-32.6 

28.0±0.26 

1.65 

23.1-27.5 

26.2±0.27 

1.15 

37.0-43.0 

39.7 ±0.2 

1.5 

34.1-42.0 

39.2±0.26 

1.8 

34.7-40.0 

37.8±0.3 

1.2 

in % of interorbital 

width 

71.5-100.0 

80.9±0.7 

4.5 

82.0-104.0 

90.8±0.64 

3.0 

77.7-87.0 

82.0±0.7 

3.0 

70.0-86.3 

78.5±0.6 

4.0 

50.0-74.9 

62.5±0.9 

6.3 

68.0-85.2 

73.2± 1.0 

4.5 


Ratio 

M x -M t 

°V + a x 

C. 1. g./C. 1. m. 

C. 1. g./C. 1 . h. 

0.06 

0.25 

C. 1. g-/C. 1. m. 

C. 1. g./C. 1. h. 

0.57 

0.60 

C. 1. g./C. 1. m. 

C. 1. g./C. 1. h. 

0.60 

0.15 

C. 1. g./C. 1. m. 

G. 1. g./G . 1. h. 

1.30 

0.5 

G. 1. g./G. 1. m. 

G. 1. g./G. 1. h. 

1.6 

0.05 

C. 1. g./G. 1. m. 

G. 1. g./G. 1. h. 

0.5 

0.32 

G. 1. g./G. 1. m. 

G. 1. g./G. 1. h. 

0.7 

0.23 

G. 1. g./G. 1. m. 

G. 1. g./G. 1. h. 

0.15 

0.70 

G. 1. g./G. 1. m. 

G. 1. g./G. 1. h. 

1.3 

1.15 

G. 1. g-/G. 1. m. 

G. 1. g./G. 1. h. 

1.55 

0.6 


Pełcz Lakę is 8 km long, and is divided into two parts by a narrow strait 
only 80 m wide. Its maximal depth reaches 30 m and its oxygon saturation 
is 41.2 # / 0 or 1.28-3.96 cm 3 /l. It is an eutrophic type of lakę which can be popu- 
lated with whitefish in a limnetic zonę only and consequently with the form 
of whitefish with high gili raker counts feeding mostly on plankton. 

Schaalsee Lakę which is supposed to be the place of origin of whitefish 
living in W. Okonińskie Lakę, has an area of 21.89 km, its maximal depth — 
71.5 m, its oxygen saturation near the bottom 75 °/ 0 or 3.7-6 cm 3 /l accor- 
ding to Thienemann (1928). Therefore it is a lakę at an early stage of 
eutrophy. 

W. Okonińskie Lakę has an area of scarcely 0.26 km 2 its maximal depth 
reaches 30 m, its oxygen saturation at a depth of 21 m is 1.5 cm 3 /l (according 
to Kulmatycki, 1927). A whitefish with smali gili raker counts which was 
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introduced into this lakę at the end of the XIX century has not as yet under- 
gone any morphological changes, including the number of gili rakers, but the 
poor oxygen condition at the bottom make it impossible for it to live and find 
feeding matter in this region. Consequently this form of whitefish is declining 
in W. Okonińskie Lakę. Already stressed by Kulmatycki (1927). 

THE RELATION OF THE MANDIBLE LENGTH TO THE MINIMAL BODY HEIGTH 
OF THE INVESTIGATED FORMS OF WHITEFISH 

The relation of the mandible length to the minimal body height in the 
investigated whitefish was various. In the three mentioned forms there were 
individuals whose mandible was longer, equal to or shorter than their minimal 
body height. The numerical interdependence is illustrated in Table IV in which 
the fishes were divided into groups according to their length. 

It is characteristic for these three forms that in all of them individuals 
with a mandible longer then their minimal body height dominate: C. I. gene- 
rosus Peters —85.4%, C.l. maraena (Bloch) — 59.G % and C.l. holsatus 
Thienemann — 63.2 %; the remaining indmduals have eiter a mandible equal 
to or shorter than their minimal body height. 

The ratio of the relative values of mandible length to the corresponding 
values of minimal body height (l md : h) as is shown in Table IV amounts to in 
C. I. generosus Peters and C. I. maraena (Bloch) to morę than 1, which indi- 
cates that both forms of whitefish belong to the group of C. lavaretus lava- 
retus L. according to Berg (1948) and Gąsowska (1960). This ratio in C. I. 
holsatus Thienemann equals only 1, this may, however, result from the smali 
number of inyestigated specimens; the fact that in generał it is not smaller 
than 1 allows us to classify it in the group of C. I. lavaretus L. which differs 
from the group of C. I. pidschian (Gmelin) whose mandible is shorter than 
its minimal body height. 

SOME REMARKS ON MORPHOLOGICAL DIFFERENCES BETWEEN MALES AND 

FEMALES 

Completing the morphological character of the inyestigated whitefish, the 
differences depending of the sex should not be omitted. These differences were 
noted by several authors and recently Reśetnikov (1963) gave a tabular set 
of certain features of whitefish with a smali number of gili rakers from Chun-Oz. 
Lakę (Kola Peninsula). From the tabular set of Reśetnikov it results that 
males have a longer head. This phenomenon is quite known in fishes and Prit- 
chard (1928, 1931) observed it in coregonids of the leucichthys- group of Lakę 
Ontario. Hile (1938) was inclined to explain the smaller dimetions of a female’s 
head not by sex but rather by the morę rapid growth of females. Hile’s anti- 
cipations (1938, p. 63) saying that „Further study may show that sex diffe¬ 
rences in certain morphological characters are quite generał in coregonids” 
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Table IV. Number of specimens in distinct length classes characterised by different rela- 
tionships of length of the mandible (l m d) to minimal body height ( h ), expressed in percentage, 

and ratio of lmd : h. 


Coregonus lavaretus generosus Peters of Pełcz Lakę 


Length class 
of fish in cm 

22.5-28.0 

30.2-33.0 

45.6-47.1 


n 

% 

lmd > ^ 

25 

15 

1 


41 

85.4 

lmd = h 

1 

1 

— 


2 

4.2 

^md < 

/ 

— 

4 

1 


5 

10.4 





48 



lmd • ^ 

1.07 

1.02 

1.00 




Coregonus lavaretus maraena (Bloch) of Miedwie Lakę 



Length class 
of fish in cm 

1 22.5-28.0 

45.2-49.0 

50.1-59.5 

61.0-69.0 

n 

% 

lmd > ^ 

3 

2 

15 

5 

25 

59.6 

lmd — h 

— 

— 

5 

1 

7 

16.6 

lmd < h 

— 

1 

7 

2 

10 

23.8 






42 


lmd • h 

1.11 

1.00 

1.01 

1.05 



Coregonus lavaretus holsatus Thienemann of 

W. Okonińskie Lakę 


Length class 
of fish in cm 

39.0-39.7 

40.3-46.3 

■ 


w. 

% 

lmd > h 

3 

9 



12 

63.2 

lmd — h 

— 

2 



2 

11.5 

lmd < h 

3 

2 



5 

26.3 






19 


lmd • h 

1.00 

1.01 






do not provide sufficient ground for attribnting any regularity to them as 
in my materiał I have discovered a quite different relationship: 

Head length as counted in percentage 
of the fork length 

sex 0.1. generosw Peters n C. I. maraena (Bloch) n C. I. holsatus Thienemann n 

<J(J 19.33 9 19.23 22 19.64 6 

$? 19.52 27 19.90 13 19.80 11 
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As to the caudal peduncle length I have found in two forms of C. I. gene- 
rosus Peters and C. I. maraena (Bloch) that males have a shorter caudal 
peduncle which is in conformity with Reśetnikov’s observation. In the case 
of C. I. holsatus Thienemann males have a longer caudal peduncle than females. 


Caudal peducle length as counted 
in percentage of the fork length 

sex O. I. generosus Peters n O. I. maraena (Bloch) n C. I. holsatus Thienemann n 


d<$ 12.70 9 12.79 22 13.72 5 

$? 12.92 27 12.93 13 13.23 12 

This relation proves to be true if we limit our calculations to the number 
of 5 specimens in all cases. 

COMPARISON OF THE COREGONID FORMS LIVING IN DIFFERENT AND 
REMOTE BODIES OF WATER AND CHARACTERIZED BY HIGH COUNTS OF 

GILL RAKERS 

There is no doubt that both the autochthonous forms of whitefish which 
came over to our lakes at the postglacial period are very closely genetically 
related to the whitefish of the northern and north-eastern areas of Europę, 
sińce these forms are of Baltic origin. What is the present model of differen- 
tiation between these forms dispersed in numerous bodies of water, let us 
consider the case of whitefish with numerous gili rakers. To this purpose I 
shall compare one Polish form — C. I. generosus Peters from Pełcz Lakę with 
C. I. pallasi natio aspius Smitt from Muolanyarvi, Pyukhyarvi in the basin 
of Yuoksi River (Karelo-Finnish SSR), Ladoga Lakę (Pravdin, 1954, p. 41) 
and C. I. pallasi Yal. from the Neva River (Pravdin, 1931, p. 192). The com- 
pared forms are characterised above all by: 1° the ayerage number of gili rakers 
above 40, ranging from 41.3 to 45; 2° the blunt snout; 3° the height of the 
frontal piąte is smaller than its width; 4° the pelagic way of life; 5° the pre- 
ponderance of plankton in food. The similitude of plastic features in the com- 
pared forms is different (Table V). Comparing the whitefish from Pelcz Lakę 
with that of Muolanyarvi Lakę we state a great similarity in 10 cases: it con- 
cerns: 1° preorbital distance, 2° diameter of the eye, 3° maxilla length, 4° man- 
dible length, 5° head height, 6° head length, 7° minimal depth, 8° postdorsal 
length, 9° P — V distance, 10° V — A distance. Comparing the whitefish of 
Pelcz Lakę with the form of Pyukhyarvi Lakę we find a similarity in six cases 
only, further we state 6 features of similar value to the features of the white¬ 
fish from Ladoga Lakę and 5 cases of value similar to the whitefish of the 
Neva River. 
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Table V. Comparison of meristic and plastio features of five forma of wliitefish with 

a high count of gili rakers 


Features 

Coregonus 

lavaretu8 

generosu8 

Peters 

C. 1. pallasi natio aspius Smitt 

C. 1. pallasi 
Val. 

Pełcz Lakę 

Muolanyar- 

vi 

Pyukhyarvi 

Ladoga 

Lakę 

Neva Riyer 1 

Lateral linę 

83-103 

_ 

_ 

92-103 

85-105 


92 





Gili rakers 

37-45 

- 

- 

32-47 

41-50 


41.3 

45 

45 

43 

42 

Dorsal fin rays 

IV 10-11 

IV 10 

IV 10 

IV 10 

IV 11 

Anal fin rays 

III-IV 12-15 

IV 10 

IV 12 

III 13 

IV 13 

Vertebrae 

60-64 






61.6 

- 


- 

- 


in % of fork length 



Head length 

19.6 

19.8 

21.1 

18.8 

17 

Head height 

13.7 

13.6 

12.9 

12.9 

13 

Maxilla length 

5.0 

5.4 

5.7 

5.1 

4 

Mandible length 

7.9 

7.8 

8.1 

7.8 

- 

Preorbital distance 

4.4 

4.7 

6.1 

4.7 

4 

Postorbital distance 

11.4 

10.5 

11.1 

9.8 

9 

Eye diameter 

4.9 

4.7 

5.0 

4.7 

4 

Maximal body height 

23.9 

21.3 

21.8 

24.2 

22 

Minimal body height 

7.4 

7.4 

7.1 

7.5 

6-8 

Antedorsal distance 

44.6 

45.3 

43.2 

48.5 

- 

Postdorsal distance 

41.8 

41.5 

43.2 

42.4 

- 

Caudal peduncle length 

12.9 

14.3 

12.9 

13.3 

- 

P —V distance 

27.5 

27.5 

26.8 

29.0 

- 

V —A distance 

25.6 

25.6 

23.9 

25.9 

- 

D length 

11.4 

10.4 

11.1 

11.0 

11 

D height 

17.8 

16.3 

16.1 

16.5 

14 

A length 

12.8 

11.6 

11.4 

12.2 

10 

A height 

12.3 

10.1 

8.9 

9.8 

10 

P length 

16.3 

13.6 

14.3 

14.9 

14 

V length 

16.1 

14.3 

13.6 

15.3 

14 


1 Pravdin (1931: 190) 


Thougli among the forms living exclusively in lakes we State great diffe- 
rences, for instance in the length of the head of the form living in Pyukhyarvi 
Lakę; yet the whitefish of the Neva River differ from all the other forms in 
head length; this is very smali and conseąuently the elements composing the 
head also have smaller dimentions. Certain deviations are observed in the 
fins too. The height of the dorsal fin and the length of the anal fin are sma¬ 
ller than in all the other forms compared here. 
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Considerable differences in head length as shown in Table Y do not, in 
my opinion, prove any deeper peculiarity of these forms. As results from the 
comparison of the head length of males and females of the three forms living 
in lakes, see above, females have longer heads than males; this observation 
contradicts the previous information from the literaturę (Hile, 1938; Prit- 
chard, 1928, 1931; Reśetnikov, 1963). Thus it may be concluded that the 
head length as well as other features are shaped according to sonie essential 
conditions in the environment. 

CONCLUSION 

In Coregonus lavaretus L. the stable features are rather limited. The rela- 
tion of the mandible length to the minimal body height is one of them. On 
this ground Berg (1948) divided G. lavaretus L. into two groups: C. I. lava- 
retus L. whoes mandible is longer than the minimal body height and C. I. pids- 
cłiian (Gmelin) whose mandible is shorter than the minimal body height. 

As to the other inherited feature — the number of gili rakers — the opi- 
nions differ. Dottrens (1959) and Svaiidson (1957) consider that this feature 
is stable. Svardson says that: „Gili rakers do not change with time” and 
„Gili rakers do not change in transplanted population”. He considers the 
change to be a result of selection. The Eussian investigator Mailjan (1957) 
stated a change in the number of gili rakers when whitefish were transferred 
to very different environmental conditions. His observation concerns ę.l. ludoga 
Poljakov, (paucispinati), bottom form Ladoga Lakę, which has 20-26, on the 
ayerage 23-24 gili rakers. This form when transferred to Sevan Lakę (Gokcha) 
in Armenia in 1924-1927, when investigated in 1952-1953 proved to 
have 19-30, on the ayerage 26.6, gili rakers. Another form C. I. maraenoides 
Poljakov from Chudskoye-Oz. Lakę (Pejpus) with 35-45, on the ayerage 
38.9 gili rakers, transferred at those time to Sevan Lakę, when investigated 
simultaneously with the previous form proved to have 32-45, on the ayerage 
36.2, gili rakers. In spite of certain changes in the number of gili rakers these 
forms have presented their own individual features. The classification was 
based on the following three features: 1° structure of the gili rakers, 2° shape 
of the frontal piąte, 3 0 body shape. According to Mailjan (1957) both forms 
have shown great ability in adapting themselves to new environmental con¬ 
ditions, particulary to thermal and oxygen conditions and to the kind of food. 
In new conditions some proportions in the body of these fishes underwent 
certain changes as compared with parental forms, and adapted themselves 
to a new way of feeding. Considering this fact Mailjan classified them as 
separate populations of C. lavarełus ludoga natio sevani and C. lavaretus marae¬ 
noides natio sevani. 

The metabolism of whitefish is enormous and so the ąuestion arises whe- 
ther it is proper to form so many taksonomie units particulary within sub- 
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species and whether the units of subspecies are in all cases sufficiently proved. 
Reśetnikov (1963) described the yariability of whitefish as follows, page 
1193: „Practically each lakę, each body of water has its own population a little 
different from the other populations”. Hile (1938) expressed the same opinion 
and pondered over the splitting of the species Leucichthys artedi (Le Sueur) 
into numerous subspecies (Kólz, 1929), on page 122 he writes: „However, 
pending the accumulation of adeąuate data for a separation of the artedi forms 
according to their true and natural relationships, it would appear that the 
designation of a local form can be madę best through a description of its salient 
characters and a recording of the locality it inhabits”. 

It is the purpose of this paper to investigate the three forms of Polish whi¬ 
tefish, analysing with modern methods, the morphology of the forms which 
have already been classified. These are the forms ranging among the subspe¬ 
cies, living in basins isolated from one another and, as it was proved, preser- 
ving their morphological specifity. However, in the case of Coregonus lava - 
retus generosus Peters which is very similar to the forms with numerous gili 
rakers living in other territories, as is seen in Table V, the ąuestion arises whe¬ 
ther this forms is not a local form of the migrating Baltic whitefish with nume¬ 
rous gili rakers — Coregonus lararetus pallasi Yal. 
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STRESZCZENIE 

Trzy formy podgatunkowe: Coregonus lararetus generosus Peters C . Z. 
maraena (Bloch) i C. I. holsatus Tihenemanń, z których dwie pierwsze są 
autochtonami w naszych wodach, zostały opracowane metodą statystyczną 
z uwzględnieniem cech merystycznych i plastycznych. Autorka zwróciła uwagę 
na małe różnice w cechach plastycznych tych form, tłumacząc to wpływem 
środowiska o zbliżonych cechach fizyko-chemicznych, w których te formy 
kształtowały się w czasach polodowcowych, zależnie od tempa eutrofizacji 
jezior przez nie zamieszkiwanych. Stwierdza odmienne niż podawane w lite¬ 
raturze (Hile, 1938; Re§etnikov, 1963, i inni) stosunki długości głowy samców 
i samic. 

Przeprowadziwszy porównanie siei gęstofiltrowej C. I. generosus Peters 
z pokrewnymi formami gęstofiltrowymi niektórych jezior południowej części 
Karelskiej ASRR i jeziora Ładogi, autorka wysuwa sugestię, czy C. I. gene¬ 
rosus Peters, jako pochodna od siei gęstofiltrowej bałtyckiej Coregonus lara¬ 
retus pallasi Val., nie jest tylko jedną z miejscowych populacji tego podgatunku. 

PE310ME 

Abtop oópaóoTajia ÓHOMeTpHHecKH c npHMeHeHHeM BapnauHOHHOH cTaracTHKH 
TpH noABH^a: Coregonus lararetus generosus Peters, C. /. maraena (Bloch) h C. /. ho¬ 
lsatus Thienemann, H3 kotopbix jibsl nepBbie rbjhhotch bbtoxt oHaMH ajih boaocmob 
nOJIbHIH. EbIJIH npHHRTbl BO BHHMaHHe KaK MepHCTHHeCKHe npH3HaKH, TaK H nJiaCTH- 
4ecKwe. Abtop oópaTHjia BHHMaHHe Ha to, hto pa 3 JiH 4 Ha b njiacTHHecKHx npH 3 Haxax 
3THX 4>OpM He3HaHHTeJIbHbI, OÓbHCHHa 3TO BJIHflHHeM CXOAHbIX B (j^H3HK0-XHMHHeCK0M 
OTHOHieHHH yCJIOBHli CpeAbI, B KOTOpbIX (J)OpMHpOBaJIHCb 3TH HOABHAbl B nOCJieJieAHHKO- 
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BOM nepHOAe, B 3aBHCHMOCTH OT TeMna 3BTpO(})H3aUHH 3aceJieHHbIX HMH 03ep. Abtop 
oÓHapy^KHJia HHbie nponopijHH roJioBbi y caMijOB h caMOK, neM npHBOAHTca b jiHTepa- 
Type (Hile, 1938; PeiueTHHKOB, 1963, m ,np.). 

CpaBHHBaa MHoroTbiHHHKOBoro cwra C. /. generosus Peters c poACTBeHHbiMH MHoro- 
TblHHHKOBblMH (J)OpMaMH M3 HCKOTOpbIX 03ep K»KHOH HaCTH KapeJlO-OHHCKOH CCP 
h JIaAO)KCKoro 03epa, aBTop CTaBHT Bonpoc, He rbjihctch jih C. /. generosus Peters KaK 
npoH3BOAHoe MHoroTbiHHHKOBoro 6ajiTHHCKoro cwra Coregonus lavaretus pallasi Val. 
OAHOH H3 JIOKaJIbHbIX nonyJIHIJHH 3TOrO BHAa. 
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